Introduction {#s1}
============

Idiopathic pulmonary fibrosis (IPF) is a fibrotic pulmonary disease that eventually leads to a fatal outcome \[[@C1], [@C2]\]. The clinical course of IPF is essentially progressive but highly variable \[[@C3]\]. Although antifibrotic agents and lung transplantation have been proposed as therapeutic options in guidelines \[[@C1], [@C4]\], the benefits of antifibrotic agents for survival have not yet been established \[[@C5]--[@C7]\]. Thus, the precise prediction of disease progression is critical for stratifying patients at high risk for poor prognosis and determining the appropriate treatment among these evolving therapeutic options. Currently, several surrogate biomarkers for IPF have been explored with respect to predicting prognosis and evaluating treatment \[[@C8], [@C9]\].

Reported disease markers for IPF include physiological parameters such as forced vital capacity (FVC) and diffusing capacity of the lung for carbon monoxide (*D*~LCO~), radiological indices and blood biomarkers \[[@C3]\]. Among the blood biomarkers, Krebs von den Lungen-6 (KL-6) and surfactant protein-D (SP-D) have been widely used in clinical practice \[[@C10]\]. KL-6, also known as mucin 1, is a glycoprotein expressed on the surface of alveolar epithelial type II cells (AECIIs) and bronchiolar epithelial cells \[[@C9], [@C10]\]. SP-D is one of the surfactant proteins synthesised and secreted from AECIIs together with surfactant protein-A (SP-A) \[[@C9], [@C11]\]. Both serum KL-6 and SP-D are associated with disease severity at the time of measurement as well as with long-term outcomes \[[@C12]--[@C15]\], although the significance of serial changes in these serum biomarkers remains undetermined. Conversely, in addition to their baseline values, serial changes in physiological indices can provide independent prognostic information \[[@C16]\]. These findings suggest that trends in serum KL-6 and SP-D may also be prognostic factors, independent of the baseline measurements.

This retrospective study was conducted to clarify the clinical significance of changes in serum KL-6 and SP-D. The associations of serial changes in these serum biomarkers with those in physiological indices and mortality were investigated to provide new insights into the roles of serum KL-6 and SP-D as surrogate biomarkers of IPF.

Methods {#s2}
=======

Patient population {#s2a}
------------------

This was a retrospective study that reviewed 97 consecutive patients with IPF who were followed up regularly for more than 3 months at the Dept of Respiratory Medicine at Kyoto University Hospital from February 2007 to April 2014 and whose serum KL-6 and SP-D levels were measured one or more times. IPF was diagnosed *via* a multidisciplinary diagnosis (MDD) approach according to the current guideline \[[@C1]\]. The earliest visit with serum biomarker measurements during the study period was set as the baseline (the first time point) and, if available, the following visit 6±2 months later was set as the second time point. Patients were excluded if they had an active neoplastic disease or an acute worsening of a disease, such as an acute exacerbation of IPF, infection or congestive heart failure, at the first time point or if they had previously undergone therapeutic lung resection for pulmonary malignant disease.

Of these 97 patients, 75 were available at the second time point. Twenty were available only for the baseline but were followed up more than 6 months later, and the remaining two were censored within 6 months. As the present study aimed to examine the clinical relevance of serial changes in serum biomarkers, the 75 patients with the second time point data were exclusively used for the following analyses. In fact, the patients for whom serum biomarker measurements at the second time point were or were not available presented similar baseline data (supplementary table S1). No patients who did not have data available from the second time point died within 6 months of the baseline measurements.

The present study was approved by the Institutional Review Board, Kyoto University (approval no. R0239), and written informed consent was not required due to the retrospective nature of the study.

Measurements at the first and second time points {#s2b}
------------------------------------------------

Clinical data were retrospectively collected from medical records. According to the inclusion criteria, all patients underwent serum KL-6 and SP-D measurements at the baseline using ECLIA (Eisai Corp., Tokyo, Japan) for KL-6 and EIA (Yamasa Shoyu Corp., Choshi, Japan) for SP-D. If available, measurements of the serum biomarkers at the second time point and standardised pulmonary function test (PFT) results (including FVC and/or *D*~LCO~) performed within 2 months of the first and second time points were also reviewed \[[@C17]\].

Outcome evaluation {#s2c}
------------------

The primary outcome was the transplant-censored overall survival time. When a patient underwent lung transplantation, the outcome was censored at the date of transplantation.

Statistical analysis {#s2d}
--------------------

Statistical analyses were performed using JMP 10.0 (SAS Institute Inc., Cary, NC, USA). Changes in values between the first and second time points were compared using the Wilcoxon matched-pairs signed-ranks test. Changes in % FVC and % *D*~LCO~ were represented as absolute changes (the percentages of the predicted values at the second time point minus those at the first time point). Correlations between continuous variables were evaluated using the Spearman\'s rank correlation coefficient r~s~. Cox proportional hazards models were used to determine the prognostic factors for survival. A receiver operating characteristic (ROC) analysis of biomarker changes was performed to determine the threshold for predicting death within the observational period. Mortality was calculated, and survival curves were generated using the Kaplan--Meier method and compared between groups using the log-rank test. All analyses were considered statistically significant when p\<0.05.

Results {#s3}
=======

Patient characteristics {#s3a}
-----------------------

Sixteen (21.3%) of the 75 patients enrolled were diagnosed *via* the MDD approach as having IPF with the histopathological usual interstitial pneumonia pattern ([table 1](#TB1){ref-type="table"}). The mean age of the study patients was 69.9 years at baseline, and 64 (85.3%) patients were male. The % FVC measurements were available for 57 patients at both time points, and their % FVC values were 87.5±20.4% and 86.3±22.3% at the first and second time points, respectively. The absolute change in % FVC between the two time points was −1.2±0.8%, and there was no significant difference between the two time points (p=0.21). After 6 months, a significant improvement in % FVC (≥10%), no change in % FVC (\>−10% and \<10%) and a significant decline in % FVC (\<−10%) were observed in one (2%), 50 (88%) and six (11%) patients, respectively. The % *D*~LCO~ measurements were available for 56 patients at both time points and a significant decrease was observed in % *D*~LCO~, with an absolute change of −2.4±0.8% (p\<0.01). After 6 months, no change in % *D*~LCO~ (changes \>−15% and \<15%) and a decline in % *D*~LCO~ (≤−15%) were observed in 55 (98%) patients and one (2%) patient, respectively. Serum KL-6 tended to be elevated from 1121±733 U·mL^−1^ to 1251±889 U·mL^−1^ (p=0.06) and the absolute change was 131±63 U·mL^−1^. Serum SP-D did not increase significantly between the two time points (302±224 ng·mL^−1^ at the first time point; 308±240 ng·mL^−1^ at the second time point) (p=0.71). At baseline, 11 (14.7%) patients were only receiving pirfenidone and 2 (2.7%) were treated with a combination of pirfenidone and corticosteroid (CS) with or without an immunosuppressive agent (IS). Six (8.0%) patients were only treated with CS and 5 (6.7%) were treated with both CS and IS. A total of 19 (25.3%) patients began pirfenidone between the first and second time points, but two of these 19 patients withdrew from pirfenidone therapy because of adverse effects.

###### 

Patient characteristics (n=75)

                                           **First time point**       **Second time point**   **6** **month change**   **p*--*value^\#^**
  ----------------------------------- ------------------------------ ----------------------- ------------------------ --------------------
  **Age years**                                  69.9±8.7                                                             
  **Male**                                      64 (85.3%)                                                            
  **Current/previous/never smoker**    7 (9.3%)/62 (82.7%)/6 (8.0%)                                                   
  **Biopsy-proven**                             16 (21.3%)                                                            
  **Treated with pirfenidone**                  11 (14.7%)                 27 (36.0%)                                 
  **Treated with CS and/or IS**                 13 (17.3%)                 15 (20.0%)                                 
  **FVC % predicted**                          87.5±20.4^¶^               86.3±22.3^¶^               −1.2±0.8                 0.21
  ***D***~**LCO**~ **% predicted**             43.5±11.1^+^               41.1±13.2^+^               −2.4±0.8                \<0.01
  **CPI**                                      47.4±10.7^+^               49.2±13.0^+^               1.7±0.7                  0.03
  **Serum KL-6 U·mL^−1^**                        1121±733                   1251±889                  131±63                  0.06
  **Serum SP-D ng·mL^−1^**                       302±224                     308±240                   7±18                   0.71

Data are presented as mean±[sd]{.smallcaps} unless otherwise stated. CS: corticosteroid; IS: immunosuppressive agent; FVC: forced vital capacity; *D*~LCO~: diffusing capacity of the lung for carbon monoxide; CPI: composite physiologic index. ^\#^: comparisons between the first and second time points using the Wilcoxon matched-pairs signed-ranks test; KL-6: Krebs von den Lungen-6; SP-D: surfactant protein-D. ^¶^: n=57, a subject was included if FVC data were available at both time points; ^+^: n=56, a subject was included if *D*~LCO~ and CPI data were available at both time points.

Correlations between serum biomarkers and physiological parameters {#s3b}
------------------------------------------------------------------

At baseline, serum KL-6 was correlated with % *D*~LCO~ (r~s~= −0.34, p\<0.01) but was not correlated with % FVC (r~s~= −0.20, p=0.10). Serum SP-D was significantly correlated with % FVC and % *D*~LCO~ (% FVC, r~s~= −0.32, p\<0.01; % *D*~LCO~, r~s~= −0.28, p=0.03).

Correlations of the first time point value and the 6 month change in serum KL-6 or SP-D with the 6 month change in % FVC or % *D*~LCO~ are shown in [table 2](#TB2){ref-type="table"}. At the first time point, neither serum KL-6 nor SP-D was significantly correlated with the 6 month change in % FVC or % *D*~LCO~. Correlations of biomarker changes with the PFT results are also shown in [table 2](#TB2){ref-type="table"}. The change in serum KL-6 significantly correlated with those in % FVC and % *D*~LCO~ (r~s~= −0.38, p\<0.01; r~s~= −0.33, p=0.01, respectively). The change in serum SP-D was also significantly associated with that in % FVC (r~s~= −0.37, p\<0.01), while the change in serum SP-D was not correlated with that in % *D*~LCO~ (r~s~= −0.14, p=0.32).

###### 

Correlations between serum biomarkers and 6 month change in physiological parameters

                            **6** **month change in FVC % predicted**   **6** **month change in *D*~LCO~ % predicted**          
  ------------------------ ------------------------------------------- ------------------------------------------------ ------- ------
  **First time point**                                                                                                          
   Serum KL-6                                 −0.25                                          0.07                        −0.13   0.36
   Serum SP-D                                 −0.09                                          0.51                        −0.07   0.63
  **6** **month change**                                                                                                        
   Serum KL-6                                 −0.38                                         \<0.01                       −0.33   0.01
   Serum SP-D                                 −0.37                                         \<0.01                       −0.14   0.32

FVC: forced vital capacity; *D*~LCO~: diffusing capacity of the lung for carbon monoxide; KL-6: Krebs von den Lungen-6; SP-D: surfactant protein-D.

Predictors for overall survival {#s3c}
-------------------------------

During the observation period, which was an average of 647 days (range, 127--2019 days), 22 (29.3%) patients died. The causes of death were acute exacerbation in 8 (36.4%) patients, chronic respiratory failure in 4 (18.2%), pulmonary infection in 4 (18.2%), lung cancer in 1 (4.5%), and other causes not associated with pulmonary diseases in 4 (18.2%). One patient (4.5%) died of an unknown cause. Only two patients underwent lung transplantation.

The results of the survival analyses using univariate Cox proportional hazards models are shown in [table 3](#TB3){ref-type="table"}. % FVC and % *D*~LCO~ at baseline and the serial changes in serum KL-6 and % FVC conferred significant risks for mortality (% FVC at baseline, hazard ratio (HR) 0.96, 95% CI 0.93--0.99, p\<0.01; % *D*~LCO~ at baseline, HR 0.91, 95% CI 0.85--0.96, p\<0.01; 6 month change in serum KL-6, HR 1.08 per 100 U·mL^−1^, 95% CI 1.02--1.14, p=0.02; 6 month change in % FVC, HR 0.89, 95% CI 0.80--0.99, p=0.03). Age and treatment with pirfenidone at baseline were not associated with survival. Several multivariate Cox proportional hazard models were constructed ([table 4](#TB4){ref-type="table"}). When the baseline and serial values of serum KL-6 and the PFT results were entered into the KL-6 model ([table 4](#TB4){ref-type="table"}), the baseline % FVC and % *D*~LCO~ and the change in serum KL-6 remained significant prognostic factors (% FVC, HR 0.97, 95% CI 0.94--1.00, p=0.047; % *D*~LCO~, HR 0.91, 95% CI 0.85--0.97, p\<0.01; 6 month change in serum KL-6, HR 1.10 per 100 U·mL^−1^, 95% CI 1.01--1.18, p=0.03) ([table 4](#TB4){ref-type="table"}A, model 1). However, when the 6 month change in % FVC was added to the model, the 6 month change in serum KL-6 was not a significant prognostic factor. When the composite physiologic index (CPI) \[[@C18]\] and serum KL-6 at baseline and the 6 month change in serum KL-6 were entered into the model, the CPI at baseline and the 6 month change in serum KL-6 were significant prognostic factors (model 2). When the baseline and serial values of serum SP-D and the PFT results were entered into the SP-D model ([table 4](#TB4){ref-type="table"}B), neither serum SP-D at baseline nor the 6 month change in serum SP-D were significant prognostic factors. TABLE 3Univariate regression analyses of overall mortality using Cox proportional hazards models**VariablesHR (95% CI)p*-*valueBaseline** Age1.03 (0.97--1.10)0.37 Male1.57 (0.52--6.78)0.46 Treated with pirfenidone1.13 (0.26--3.39)0.84 Treated with CS and/or IS2.09 (0.66--5.78)0.20 FVC % predicted0.96 (0.93--0.99)\<0.01 *D*~LCO~ % predicted0.91 (0.85--0.96)\<0.01 CPI1.12 (1.05--1.21)\<0.01 Serum KL-6 100 U·mL^−1^1.02 (0.96--1.06)0.51 Serum SP-D 10 ng·mL^−1^1.01 (0.99--1.02)0.39**6** **month change** FVC % predicted0.89 (0.80--0.99)0.03 *D*~LCO~ % predicted0.99 (0.90--1.12)0.85 Serum KL-6 100 U·mL^−1^1.08 (1.02--1.14)0.02 Serum SP-D 10 ng·mL^−1^1.03 (1.00--1.05)0.07HR: hazard ratio; CS: corticosteroid; IS: immunosuppressive agent; FVC: forced vital capacity; *D*~LCO~: diffusing capacity of the lung for carbon monoxide; CPI: composite physiological index; KL-6: Krebs von den Lungen-6; SP-D: surfactant protein-D. TABLE 4Multivariate regression analyses of overall mortality using Cox proportional hazards models**VariablesModel 1Model 2HR (95% CI)p*-*valueHR (95% CI)p*-*valueKL-6 model* ** ** ** *** Baseline  FVC % predicted0.97 (0.94--1.00)0.047  *D*~LCO~ % predicted0.91 (0.85--0.97)\<0.01  CPI1.13 (1.06--1.22)\<0.01  Serum KL-6 100 U·mL^−1^0.98 (0.89--1.05)0.660.99 (0.90--1.05)0.78 6 month change  Serum KL-6, 100 U·mL^−1^1.10 (1.01--1.18)0.031.10 (1.02--1.18)0.02**SP-D model* ** ** ** *** Baseline  FVC % predicted0.97 (0.93--1.00)0.04  *D*~LCO~ % predicted0.94 (0.88--1.00)   0.054  CPI1.12 (1.05--1.21)\<0.01  Serum SP-D 10 ng·mL^−1^1.01 (0.99--1.03)0.211.01 (0.99--1.03)0.15 6 month change  Serum SP-D 10 ng·mL^−1^1.03 (0.99--1.06)0.161.03 (0.99--1.06)0.12HR: hazard ratio; KL-6: Krebs von den Lungen-6; FVC: forced vital capacity; *D*~LCO~: diffusing capacity of the lung for carbon monoxide; CPI: composite physiologic index; SP-D: surfactant protein-D.

According to these results, a ROC analysis was also performed to determine the optimal cut-off value of the 6 month change in serum KL-6 for predicting overall mortality during the observational period. The area under the curve was 0.60, with a threshold value of 140 U·mL^−1^. Survival curves of patients with 6 month changes in serum KL-6 ≥140 U·mL^−1^ and \<140 U·mL^−1^ were generated by the Kaplan--Meier method and are shown in [figure 1](#F1){ref-type="fig"}. The log-rank test demonstrated a significantly worse prognosis in patients with 6 month changes in serum KL-6 ≥140 U·mL^−1^ (p\<0.01). The estimated 1 year transplant-censored survival rates of patients with serum KL-6 ≥140 U·mL^−1^ and \<140 U·mL^−1^ were 76.9% and 93.5%, respectively, and the estimated 3-year transplant- censored survival rates of these patients were 25.4% and 86.4%, respectively.

![Comparison of survival between patients with KL-6 ≥140 U·mL^−1^ and \<140 U·mL^−1^ (p\<0.01, as shown by the log-rank test). KL-6: Krebs von den Lungen-6.](00019-2016.01){#F1}

When % FVC \<70%, % *D*~LCO~ \<40% and KL-6 \>1000 U·mL^−1^ at baseline and a 6 month change in serum KL-6 ≥140 U·mL^−1^ were entered into a multivariate model for survival analysis as categorical variables, % *D*~LCO~ \<40% and 6 month change in serum KL-6 ≥140 U·mL^−1^ were significant predictors for mortality (%*D*~LCO~ \<40% at baseline, HR 4.94, 95% CI 1.03--36.5, p=0.046; 6 month change in serum KL-6 ≥140 U·mL^−1^, HR 3.95, 95% CI 1.20--14.9, p=0.02) (supplementary table S2).

Discussion {#s4}
==========

In the present study, lower % FVC and % *D*~LCO~ baseline values and increased 6 month serum KL-6 values in patients with IPF significantly increased the risk of mortality. The serial change in serum KL-6 was significantly correlated with those in % FVC and % *D*~LCO~ and was a stronger predictor of mortality than the serum KL-6 value measured at a single time point. On the other hand, neither serum SP-D at baseline nor the 6 month change in serum SP-D was associated with overall survival.

Several variables have been reported to predict survival in IPF \[[@C3]\]. These predictors of mortality in IPF often represent the severity of disease at the time of assessment and include the following: physiological impairment (% FVC, % *D*~LCO~ and distance and oxygen saturation during a 6 min walk test) \[[@C3], [@C19]--[@C23]\], disease extent (high-resolution computed tomography (HRCT) indices) \[[@C24], [@C25]\] and subjective burden (dyspnoea scale) \[[@C16]\]. Another prognostic factor of IPF is the disease activity, or the rate of disease progression, which is assessed by the following variables: serial changes in % FVC, % *D*~LCO~ \[[@C16], [@C22]\], HRCT indices \[[@C26]\] and dyspnoea score \[[@C3]\]. Several survival analyses have revealed that severe disease at the time of diagnosis and subsequent rapid progression significantly increase the risk of mortality in IPF \[[@C3]\]. Regarding physiological parameters, the impact of their serial changes (activity) may be superior to that of their baseline values (severity) \[[@C4], [@C16], [@C22]\].

KL-6 is a sialylated sugar chain and is highly expressed on the cell surface of regenerating AECIIs in patients with IPF \[[@C10], [@C27], [@C28]\]. The elevation in serum KL-6 may result from enhanced alveolar-capillary permeability and the regeneration of AECII induced by alveolar epithelial injuries \[[@C29]\], both of which have been proposed as mechanisms of the pathogenesis of IPF \[[@C2], [@C9], [@C30], [@C31]\]. KL-6 also promotes human pulmonary fibroblast migration and proliferation \[[@C32]\]. These findings collectively indicate that serum KL-6 can act as a surrogate marker for the active process of disease progression. Thus, the prognostic value of serum KL-6 for survival in IPF has been examined in several studies. S[atoh]{.smallcaps} *et al*. \[[@C12]\] and Y[okoyama]{.smallcaps} *et al*. \[[@C15]\] independently demonstrated that higher levels of serum KL-6 significantly predicted higher mortalities in patients with IPF and those with idiopathic interstitial pneumonias, respectively. However, a recent Japanese epidemiological study of IPF revealed that age, % FVC and % *D*~LCO~ were significant predictors of mortality, while serum KL-6 was not \[[@C33]\]. Another study also showed that serum KL-6 weakly predicted mortality in patients with IPF but had no additional value regarding clinical parameters, including age, FVC, *D*~LCO~ and change in FVC over 6 months \[[@C34]\], indicating a limited role of serum KL-6 as a biomarker for IPF. These controversial results may be explained by the following. First, serum KL-6 is not a specific biomarker for IPF. Cancer and acute respiratory events, such as *Pneumocystis jirovecii* pneumonia and acute exacerbations (AEs) of IPF, can result in increased serum KL-6 levels and thus complicate the interpretation of serum KL-6 measurements \[[@C35]--[@C38]\]. Second, although alveolar epithelial injury is among the major pathogenic factors of IPF, its extent, which can be represented by serum KL-6, may not be a prognostic factor for IPF \[[@C30]\]. Elevated serum KL-6 has been reported in other interstitial lung diseases, such as summer-type hypersensitivity pneumonitis \[[@C27], [@C39]\], and does not necessarily mean that fibrosis or aberrant repair occurred after alveolar epithelial injury. Third, as shown in the present study, serum KL-6 at a single time point could not predict the changes in % FVC or % *D*~LCO~ over the next 6 months. A single measurement of serum KL-6 cannot be substituted for serial measurements of % FVC and % *D*~LCO~.

Conversely, it is notable that the serial increase in serum KL-6 was an independent prognostic factor from the baseline physiological and serological parameters in the present study. The clinical relevance of serial changes in serum KL-6 has only been addressed in one previous study \[[@C37]\]. Y[okoyama]{.smallcaps} *et al*. \[[@C37]\] reported that increased serum KL-6 after high-dose corticosteroid therapy conferred a significant risk of mortality in patients with AEs of IPF. The present study is the first revealing the significant prognostic value of the 6 month change in serum KL-6 in the chronic phase of IPF, which could be comparable with those of physiological indices. Our results suggest that the serial monitoring of serum KL-6 in patients with IPF may provide additional prognostic information compared to baseline indices, even when repeated PFTs are unavailable.

SP-D is a lipoprotein complex synthesised and secreted from AECIIs that constitutes a liquid layer on the alveolar epithelium \[[@C9], [@C11]\]. Elevation in serum SP-D may result from alveolar epithelial injury and the breakdown and accumulation of ACEIIs \[[@C9]\]. Thus, serum SP-D can represent the epithelial injury-related regeneration of ACEIIs as well as serum KL-6 and has thus been examined as a blood biomarker for IPF. The prognostic value of serum SP-D for mortality in patients with IPF also remains to be determined \[[@C13], [@C14], [@C33], [@C34]\]. The present study showed that neither serum SP-D at the baseline nor the 6 month change in serum SP-D predicted overall mortality, in contrast with serum KL-6. These results may reflect the different characters of KL-6 and SP-D as serum biomarkers for IPF. Although both biomarkers are derived from regenerating ACEIIs, discrepancies between them have been reported \[[@C40]\]. The discrepancies between serum KL-6 and SP-D may be due to the different sources of KL-6 and SP-D. SP-D is expressed in mature ACEIIs, whereas KL-6 is expressed in the initial phase, before SP-D is expressed \[[@C28]\]. SP-D is also expressed in gastrointestinal epithelial cells, whereas KL-6 is not \[[@C41]\]. However, given the small sample size of our study, the clinical relevance of serially monitoring serum KL-6 and SP-D should be verified in future studies with larger cohorts.

The present study has several limitations. First, the present study was a retrospective study with a small number of subjects. As the subjects were restricted to patients who underwent one or more measurements of serum biomarkers, the study population may not represent the entire IPF patient population. In particular, the serial changes in serum biomarkers may be difficult to monitor in rapidly progressive cases, although no such cases were included in this study population. Second, the study subjects did not receive uniform treatments because a recommended effective treatment was not present in the guidelines until 2014 \[[@C4]\]. Approximately 20% of the patients received CS and/or IS therapy, which are no longer current standard treatments. The effects of pirfenidone and nintedanib on serum KL-6 and other biomarkers and their implications should be addressed in future studies. In addition, other blood biomarkers, such as SP-A, matrix metalloproteinase-7 and CC chemokine ligand-18 \[[@C42]\], were not measured because of the retrospective nature of the study, which was exclusively based on clinical data available from routine practice. Additionally, although certain patients died, the observation period was short.

Despite these limitations, our results indicate the possibility that serial measurements of serum KL-6 in patients with IPF might have prognostic value independent of baseline serum KL-6 measurements. Although serum KL-6 and SP-D have been widely used in Japan as tools in clinical practice \[[@C33]\], there are no validated biomarkers for predicting the prognosis and monitoring the disease course of IPF \[[@C1], [@C43]\]. Further prospective studies with larger cohorts are required to clarify whether any blood biomarker can provide information in addition to that provided by routine assessments with PFTs and radiological studies.
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